It is generally accepted that the elaboration of a urine hypertonic to plasma by the mammalian kidney occurs by means of the abstraction of water from the collecting duct lumen into the medullary interstitium (1). The driving force for the movement of water is an osmotic gradient created by the active transport of sodium chloride from the ascending limb of the loop of Henle into the medullary interstitial space, as originally postulated by Wirz (2) and subsequently confirmed by the micropuncture studies of Gottschalk and Mylle (3). By necessity, micropuncture studies are conducted during essentially steady-state conditions. Similarly. urinary concentrating ability is customarily evaluated during the state of hydropenia or at graded levels of osmotic diuresis, but in either case, at maximally effective circulating levels of vasopressin. Few data exist on the precise changes in urinary composition during the achievement of the antidiuretic state. It was postulated that such data might provide further information concerning the role of vasopressin in the renal concentrating process. Consequently, in the present study observations have been made on the urinary changes during the abrupt transition from water diuresis to the antidiuretic state, induced by the administration of maximally effective amounts of exogenous vasopressin. Rather consistent alterations in the concentrations of the various urinary solutes have been observed after the administration of vasopressin. Quantification of the acute response to vasopressin has permitted a study of the effects of certain variables on the concentrating process.
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In the interpretation of the present data, the role of urea in the concentrating process in the dog has been considered. Current evidence indicates that in this species urea diffuses from the * Supported by U. S. Public Health Service grant A-4393. collecting duct lumen into the medullary interstitium1 along its chemical gradient (4, 5) . In this fashion urea augments total urinary osmolality above that achieved solely by the concentration of sodium chloride in the medullary interstitial space. If urea attains diffusion equilibrium between tubular lumen and interstitial fluid, then the sodium chloride in the interstitium must be balanced by an equiosmolal concentration of nonpermiieating solute within the tubular lumen, as long as osmotic equilibrim exists between these two compartments. This would suggest that the concentration of nonpermeating (nonurea) solute within the urine might provide the most critical index of the two factors considered to be fundamental in the concentrating process, namely, the concentration of sodium chloride achieved and maintained in the medullary insterstitium and the degree of permeability in the distal nephron during the action of vasopressin. Consequently, the concentration of Altogether, 85 to 100 kcal per kg was given, and in all instances the animals consumed all of the diet offered. The effect of vasopressin during water diuresis was determined after the animals had been receiving the diet for 5 days. In several instances their water was then withdrawn, the diet was continued, and the effect of dehydration on concentrating ability was assessed 2 days later.
Inulin was determined for plasma filtrates and urine with diphenylamine after alkali digestion (6 The restricted diffusion to urea which exists in the steady state is apparently absent during this transitory period. This suggests the possibility that alterations in the osmolality of the tubular fluid may influence the permeability of the tubular epithelium, a phenomenon demonstrated in the epithelial membrane of the toad Figures 5 and 6, open circles) . In addition, the detailed data from one experiment on dog T are shown in Figure 4 and Table III , and from one study on Dog A in Table IV . It is apparent from these detailed data that the general pattern of response to vasopressin during water diuresis is not altered by short-term dietary deprivation of protein. The reduction in total urinary osmolality observed is attributable to a decrease in the urinary urea concentration. When maximal nonurea solute concentration is related to GFR in dog T ( Figure 5 ), no difference from the control experiments is apparent. In dog A (Figure 6 ), higher concentrations than those obtained under control conditions were observed, although in only one experiment is this difference marked. It should be noted that, except for one study in dog T, the short period of protein deprivation used did not lower GFR below the levels usually observed in these animals.
A comparison of the effects of hydropenia and acutte administration of vasopressin. Urinary concentrating ability after 48 hours of water deprivation has been compared to that after vasopressin administration during water diuresis in two dogs (Table V) . Studies have been performed on regular and low protein diets and have been paired for the sake of comparison. In each instance, the paired studies were conducted within several days of each other, as indicated in Table V . In all instances, a higher total urinary osmolality was observed in the hydropenic state. When the data are examined with respect to nonurea solute, however, a somewhat higher urine to plasma ratio of nonurea solute is present in the hydrated state than during dehydration in control studies. The converse is true in experiments performed during protein deprivation. In most instances, however, these differences are small and of questionable significance. It is apparent from these data that no clearly consistent enhancement of the medullary sodium gradient, as assessed by the determination of the urinary nonurea solute concentration, is present in the dehydrated state over that observed after vasopressin administration to a normally hydrated animal given an acute water load. Since inulin clearance was not measured in the experiments during dehydration, the possible influence of this factor on concentrating ability cannot be evaluated in this set of studies. The present set of experiments demonstrates that vasopressin administration during water diuresis results in the abrupt achievement of a maximal urinary nonurea solute concentration comparable to the value observed during prolonged vasopressin infusion or dehydration in the same animals. These observations are relevant to certain questions related to the urinary concentrating process, namely, the state of the renal medulla during water diuresis. the role of vasopressin in augmenting the medullary sodium chloride concentration, and the effect of dehydration on renal concentrating ability.
Hyperosmolality of the renal medulla during water diuresis has been demonstrated by indirect means in the dog (13) and rat (14) . By the use of micropuncture. Gottschalk (15) has observed hyperosmolality of vasa recta blood and fluid from the loops of Henle in hamsters with diabetes insipidus. The osmolalities observed were lower than those found in normal, hydropenic animals, however, suggesting the presence of a higher medullary sodium concentration in the latter group. The question of the relative state of the renal medulla during water diuresis and during hydropenia has recently been investigated by Levitin, Goodm-ian, Pigeon, and Epstein (16) . By analysis of tissue slices, they have observed that the sodium content of the renal medulla of dogs is lower during water diuresis than after the administration of vasol)ressin to hydrated animals. Twenty-four hours of dehydration further increases the medullary sodium content above that observed during water diuresis. These data have been interpreted as evidence that vasopressin enhances the sequestration of sodium within the renal medulla, thus increasing the interstitial sodium chloride concentration and the osmotic gradient responsible for urinary concentration.
The acute response to vasopressin in the present studies does not suggest a cumulative effect of this hormone on the mendullary sodium gradient, although the data (lo not exclude the possibility that vasopressin may have increased the medullary sodium concentration, with the achievement of a new, higher level for several minutes after its administration. In Resolution of these apparent discrepancies probably must await more direct measurement of the medullary sodium gradient under varying physiological conditions.
Other investigators have concluded that in both man (17) (18) (19) and dog (18) , dehydration augments urinary concentrating ability over that observed after the administration of vasopressin to the normally hydrated or acutely water-loaded subject. This conclusion was based on the finding of a higher total urinary osmolality during de- hydration, an observation also made in the present stuly (Table V) Epstein (21) , who observed a decrease in nonurea solute concentration of the urine (luring mannitol diuresis in dogs on a low protein diet. That the infusion of urea did not correct this concentrating defect indicates that it wals not a direct result of a decreased filtered load of urea. This apparent discrepancy may be attributable to the degree of protein depletion induced in the present study and that of Manitius and his co-workers. It should be noted that dogs in the present experiments were studied after only 5 days on a low protein diet. They maintained( body xveight during this period and in all instances but one, failed to show a decrease in GFR below control values. Thus it seems likely that the present study produced insignificant degrees of cellular protein (lepletion, and that this factor did not complicate examination of the effect of a lowered filtered urea load per se. The studies of Crawford, Doyle, and Probst indicate that the filtered urea load does influence the urinary concentration of nonpermeating solutes in the rat (22) . Recent studies suggest, however, that urea may be actively accumulated in the rat medulla (23) , indicating a species difference from the dog.
SUIM MARY
The acute renal effects of vasopressin have been investigated by administration of this hormone in maximally effective amounts to conscious (logs undergoing water diuresis. As measured by the concentration of nonpermeating (nonurea) solutes in the urine, a maximal effect of vasopressin is manifested rapidly. usually within 20 minutes of administration of the hormone. The maximal nonurea solute concentration is not further increased bv continued infusion of vasopressin or by the imposition of hydropenia in the same animals. This finding suggests that vasopressin does not increase the medullarv sodium chloride gradient. and that the latter is not altered by changes in the degree of body hydration ranging from the hydropenic state to the normally hydrated state on which an acute water load has been superiml)osed.
Reduction of the plasma concentration of urea, The present study serves to emphasize the multiple variables that must be considered in the quantitative assessment of urinary concentrating ability.
